Fluorescent-based single-strand conformation polymorphism (F-SSCP) analysis with capillary electrophoresis (CE) is the most common method for the detection of mutation because of its high sensitivity and resolution. In this study, we prepared an inexpensive linear polyacrylamide (LPA), and successfully applied it to CE-SSCP analysis and tandem CE-SSCP/heteroduplex analysis (HA) of the P53 gene on an ABI capillary genetic analyzer. A comparison of the sieving capabilities of a homemade LPA and commercial polydimethylacrylamide (PDMA) demonstrates that the homemade LPA has a higher resolution, a shorter analysis time, and is more suitable for tandem SSCP/HA than commercial PDMA. To show the usefulness, mutations of P53 gene exon 7 -8 in 37 tumor samples were investigated by using homemade LPA. The results indicate that 10 mutations were found in 9 of 37 cases; the majority of P53 mutations were missense mutations, and 70% were located in exon 7, which plays an important role in neoplastic progression in human tumorigenesis.
Introduction
A number of mutations in the human genome may result in the occurrence of heritable genetic diseases and malignant tumors. Therefore, the efficient and reliable detection of these mutations in the human genome is becoming even more important. Various methods for mutation detection have been developed and used in basic research and the clinical diagnosis of genetic disorders. Among these methods, single-strand conformation polymorphism (SSCP) analysis is thought to be the most common technique for the rapid identification of known or unknown mutations. 1, 2 The traditional method used for SSCP analysis is slab gel electrophoresis, which has high accuracy, but remains laborintensive and time-consuming. 3, 4 Capillary electrophoresis (CE) has already become an attractive method for DNA analysis. Recently, the combination of the SSCP technique with CE has been developed by Kuypers. 5 This technique is simple and fast; when coupled with laser-induced fluorescence detection (LIF-SSCP-CE), it is more suited for clinical analysis because of its higher sensitivity and resolution. The combination of SSCP with heteroduplex analysis (HA) in CE is now considered to be the best way to improve the sensitivity of mutation detection. Previously, doubts remained about whether the kinetics of annealing during fast cooling might yield incompletely reannealed duplexes, which could result in false positives. 4 In the more recent studies, Kozlowski and Krzyzosiak 6 for the first time demonstrated the feasibility of the combination of SSCP/HA with CE.
In CE, the separation of DNA strands is accomplished with water-soluble polymers, these polymers form a dynamic mesh of obstacles through which the SSCP conformers must negotiate or force a path. The quality of the sieving matrix is a key to obtain an efficient and successful separation in SSCP analysis, since it directly affects the migration and dispersion mechanism. In recent years, many kinds of polymers have been applied to DNA analysis, including linear polyacrylamide (LPA), 7 polydimethylacrylamide (PDMA), 8, 9 cellulose derivatives (HEC, HMC and HPMC), 10 poly(ethylene oxide) (PEO) 11 and some other copolymers. 12 One of the polymers widely used for SSCP analysis with ABI capillary genetic analyzers is GeneScan polymer, consisting of PDMA from ABI (Foster City, CA, USA); the other is LPA, which has the best combination of high resolution and short separation time.
However, most commercial matrices have various limitations, such as high cost, poor resolution, long analysis time and so on. As is known, there have been no reports about homemade LPA for SSCP or tandem SSCP/HA on the ABI capillary genetic analyzer, and no systematic comparison has appeared concerning the sieving capability of LPA and PDMA.
The tumor suppression gene P53 encodes a nuclear sequence specific DNA-binding protein that regulates the cell cycle and induces growth arrest and apoptosis. 13 In many tumors, including colorectal and breast tumors, an alteration of the P53 gene promotes the malignant progression of tumor cells. The majority of P53 mutations were clustered in exon 7 -8, 14 which plays an important role in the development of human cancers. It will thus be interesting to investigate the role of the P53 abnormality in the biological progress of cancers, as well as its usefulness as a marker of aggressiveness for this pathology.
In the present work, an inexpensive homemade LPA kit (including a neutral coated capillary and 4 -8% LPA) was prepared and applied to CE-SSCP and tandem CE-SSCP/HA of the P53 gene on an ABI capillary genetic analyzer. The results demonstrate that, under optimized conditions for SSCP and tandem SSCP/HA, homemade LPA has a higher resolution than Gene-Scan polymer.
In the thirty-seven tumor samples investigated with homemade LPA, 10 mutations were found in 9 patient tissues, which were further confirmed by CEsequencing.
Experimental

Apparatus and materials
An ABI 310 genetic analyzer and a PE Model 2700 PCR system were purchased from PE Applied Biosystems (ABI, Foster City, CA, USA). 
Polymer synthesis and capillary coating
Short-chained LPA was synthesized according to a procedure described by Ren 7 with minor modifications. A solution of acrylamide (10 g) in deionized water (110 ml) was placed in a 250-ml airtight flask, immersed in a water bath kept at 60˚C, and degassed by bubbling N2 for 30 min. Next, 3.5 ml 2-propanol, 0.625 ml 10% (w/v) APS and 0.625 ml 10% (v/v) TEMED were added in a consecutive fashion, and the resulting mixture was kept at 60˚C under N2 flow for 1.5 h. The product was then extracted with 250 ml of ethanol, washed three times with 50 ml of ethanol, and kept at 50˚C for 4 h in a vacuum drier. Dried LPA was dissolved in 1 × TBE buffer (89 mM Tris, 89 mM boric acid, 2 mM EDTA) at different concentrations and stored at 4˚C.
The inner surface of the capillary was modified by covalent bonding of hydrophilic polymer. 15 Firstly a new capillary was rinsed with 0.2 M NaOH, deionized water, and methanol, respectively. The capillary was then filled and left standing for 1 h with 1:1 3-methacryloxypropyltrimethoxysilan and methanol solution, and for another hour with a 3.4% acrylamide solution (10 ml 3.4% acrylamide solution containing 6 µL TEMED and 60 µL 10% APS). At last, the capillary was rinsed with deionized water for 20 min. The detection window was formed by stripping 6 mm of a polyimide coating off the capillary with a razor blade; the effective length was 40 cm.
DNA extraction and polymerase chain reaction (PCR)
The tissue samples (including twenty-nine cases of colorectal cancer, eight cases of breast cancer) used for analysis were obtained from the Secondary Affiliated Hospital of Dalian Medical University. All of the tumor tissues were confirmed by pathology. Genomic DNA was extracted from frozen tissues by proteinase K digestion and phenol-chloroform extraction using a method of Sambrook et al. 16 with minor modifications.
Primers of P53 (exon 7 and 8) were synthesized by Takara Biotechnology Co. (Dalian, China) with their sequences and amplification lengths given in Table 1 . PCR was performed in a 50 µl solution containing 100 ng genomic DNA, 20 pmol of each primer, 200 µM each of dNTPs and 1.5 U Taq DNA polymerase, and carried out for 30 cycles under the following program: 40 s at 94˚C, 1 min at 50˚C, and 2 min at 72˚C. In each PCR, the upstream and downstream primers were fluorescence-labelled at their 5′ end with FAM or HEX, repectively.
CE-SSCP analysis with different kit
The homemade LPA Kit includes a 50 µm (i.d.) × 365 µm (o.d.) × 47 cm neutral coated capillary and 4 -8% homemade LPA (containing 10% glycerol). Prior to analysis by LPA, PCR products were diluted 25 fold with Milli-Q water.
The commercial kit from ABI (Foster City, CA, USA) included a 50 µm (i.d.) × 365 µm (o.d.) × 47 cm bare capillary and 1 -5% Gene-Scan polymer (PDMA) with 10% glycerol. Prior to analysis by PDMA, PCR products were diluted 25 fold with Milli-Q water, then 20 µl of formamide and 1 µl of 0.3 M NaOH were added to 2 µl of the diluted PCR product.
Capillary electrophoresis was performed on the ABI 310 genetic analyzer. An SSCP mixture was denatured at 95˚C for 5 min, chilled on ice and placed in the tray of the analyzer. SSCP analyses were automatically performed at different running temperatures (26, 30, 35, 40˚C) and under 15 kV for 20 min. The buffer consisted of a 1 × Tris-borate EDTA with 10% glycerol. A laser-induced fluorescent detector (λex1 = 488 nm, λex2 = 515 nm) was employed with emitted light for FAM at 535 nm and for HEX at 559 nm. The data were collected by datacollection software and analyzed by Gene-Scan software.
Tandem CE-SSCP/HA with LPA
PCR products containing a 1:1 target DNA sample and a wildtype sample were diluted 25 fold with 10 mM Tris-HCI (pH 8.6), denatured at 95˚C for 3 min, chilled on ice and placed in the tray of the analyzer. Tandem SSCP/HA was performed on an ABI 310 genetic analyzer with a coated capillary and 8% LPA (containing 10% glycerol).
Determination of the DNA sequence
DNA sequences of P53 exons 7 -8 in all of the samples that showed shifts were determined by direct sequencing. Target fragments were amplified using non-labeled primers and purified by the ethanol/sodium acetate precipitation method. Cycle sequencing of the products was performed using the Big Dye terminator kit (Foster City, CA, USA) under the following conditions: 30 cycles at 96˚C for 10 s, 50˚C for 5 s, and 60˚C for 2 min. The extension products were purified by the ethanol/sodium acetate precipitation method, and the sequences were determined using an ABI 310 genetic analyzer.
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Results and Discussion
Polymer characterization LPA was home-prepared and applied to a mutation analysis for its high hydrophilicity, simple synthesis procedure, efficient DNA sieving ability, and low cost. The viscosity average molecular mass (Mv = 1.9 × 10 5 ) was measured from the specific viscosity at 30˚C. A plot of ηsp/C (ηsp, specific viscosity; C, concentration of polymer) versus the concentration of the polymer was extrapolated to zero concentration, producing [η] (106 ml/g) as the intercept. Mv was calculated according to the Mark-Houwink equation ([η] = kMv a ), where k = 6.31 × 10 -3 (ml/g) and a = 0.8.
Several batches of LPA, synthesized under the same conditions, had a slight difference in the viscosity and molecular mass, but showed the same separation performance.
Establishment of LIF-CE-SSCP method
To differentiate the two strands in SSCP analysis, the primers were 5′-labeled with different fluorescent dyes. The upstream primer was labeled with FAM and the downstream with HEX, which was more favorable to peak evaluation than labeling with just one-color fluorescence, and required only a little extra cost. 17 Moreover, labeling both single strands of dsDNA fragments with two different dyes provides more information on SSCP analysis, and increases the chances of mutation detection. 18 Since many factors affect the results of SSCP analysis, the running conditions had to be optimized. At first, the effect of the gel concentration on SSCP analysis was investigated (Fig.  1) . The lower concentrations of LPA did not adequately separate the four single strands of the mutant samples. With an increase in the gel concentration, the resolutions of the four strands were improved. In order to obtain an efficient separation within a reasonable time (20 min or less), 6% LPA was chosen as the optimized gel concentration in the experiments.
In addition to the gel concentration, the column temperature also had an important effect on the SSCP analysis. The best temperature for the differentiation of the two/four strands depended upon the particular wild/mutant type strand combination. At lower temperatures, such as 25 or 30˚C, homemade LPA showed complete separation of the four strands. At temperatures higher than 40˚C, only two peaks were observed in the electropherogram (Fig. 2) ; 30˚C was selected as the most appropriate temperature for the experiments.
A separation voltage of between 11 -15 kV appeared to have a small effect on the SSCP analysis; 15 kV was considered to be the optimum running voltage. In addition, glycerol at a concentration of 5 -10% usually stabilized the threedimensional DNA conformation and enhanced the mutation detection; thus 10% glycerol was added to all of the separation matrices and buffers.
In a similar mode, the operational conditions for the GeneScan polymer were optimized. It was found that under the optimized conditions, LPA exhibited a higher resolution and a shorter analysis time than the commercial Gene-Scan polymer (Fig. 3) . The mutual resolution of four individual peaks under the respective optimal conditions was calculated, and shown in Table 2 .
Establishment of the tandem LIF-CE-SSCP/HA method
For the traditional HA analysis, samples are denatured and cooled slowly over a period of 40 -60 min to ensure complete reannealing. However, tandem SSCP/HA through the snapcooling procedure produced similar results with the gradually cooling procedure. 19 The use of 10 mM Tris-HCl (PH 8.6) buffer for sample preparation provided high sensitivity and satisfactory results. Figure 4 shows the results of SSCP/HA of the P53 gene exon 7 of a mutant sample with homemade LPA. Electrophoretic conditions: sieving medium, 5% Gene-Scan polymer; others as in Fig. 1. 1 , Mutant reverse-strand SSCP; 2, wild-type reverse-strand SSCP; 3, mutant forward-strand SSCP; 4, wild-type forward-strand SSCP.
It is seen that the separations of ssDNA and dsDNA, mutant and wild type of ssDNA, homoduplex and heteroduplex of dsDNA are possible. In the two-color mode, the wild type and mutant type of ssDNA displayed two peaks with different colors; homoduplex and heteroduplex dsDNA also exhibited two overlapped peaks, separately, and the resolution value of dsDNA was about 1.0. With the Gene-Scan polymer, under similar operational conditions, it is difficult to achieve resolved dsDNA peaks of homoduplex and heteroduplex.
Detection of mutations in tumor samples
In the SSCP analysis, the patterns of ssDNA from different gene regions showed a high degree of variation. In some cases, a single peak was observed for each strand (Fig. 5, P53 exon 7) , but in other cases a complex peak pattern was observed for each single strand (Fig. 5, P53 exon 8) . The additional peaks can be explained as the additional stabilized conformers of the single strands.
However, because the reproducibility is more important than the peak pattern, all of the analyses in the present work were repeated three times in order to avoid false positives. Mutations of the P53 gene exon 7 -8 in 37 tumor samples were detected; Fig. 6 shows four representative SSCP patterns corresponding to tumor samples underlying the P53 gene mutations. The characteristic pattern of each mutation is favorable to an estimation of the mutant type. All of the presumptive mutations were confirmed by direct sequencing, and no false positive was found.
Ten mutations were detected in 9 (24.3%) of 37 cases, including 5/29 (17.2%) of colorectal cancer and 4/8 (50.0%) of breast cancer. All 9 patients bearing P53 gene mutations showed single-point mutation; 33.3% of the mutations occured at hot spots, such as codons 245 and 249, where mutations are known to accumulate in many samples. Table 3 shows that among these mutations, 1 (10%) is a silent mutation and 8 (80%) are missense mutations. P53 differs from most other suppressors by the fact that over 75% of all the mutations reported were missense, resulting in the substitution of a single amino acid with another, 20 which plays an important role in neoplastic progression in human tumorigenesis.
Our data also indicate that among the ten P53 mutations found, 7 (70%) were located in exon 7, and 3 (30%) were located in exon 8. It has been reported that P53 exon 7 mutations constitute a predictor of poor prognosis in patients affected by colorectal cancer, 21 so it will be interesting to perform further studies, to evaluate the molecular alteration in a large series of samples, and to investigate the role of the P53 abnormality in the progress of cancer, as well as its usefulness as a marker of aggressiveness for this pathology.
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Conclusions
The detection of mutations in genes responsible for hereditary diseases tumors is important clinically. Here, homemade LPA was for the first time applied to CE-SSCP and tandem CE-SSCP/HA on an ABI capillary genetic analyzer. In comparing with commercial PDMA polymer, LPA has a higher resolution and a shorter analysis time, and is more suitable for tandem SSCP/HA. The detection results of 37 tumor samples indicate that the majority of P53 mutations were missense mutations and 70% were located in exon 7. Since the P53 gene plays an important role in the neoplastic progression in human tumorigenesis, it will be valuable to perform further studies to investigate the role of the P53 abnormality in the progresses of cancers.
